Abstract-There is multi-degree-of-freedom non-cooperation motion of ships in rough seas which makes the quality of the ships' SAR images get poor. In this paper, the ship motion model was built based on the strip theory at first. Then, the quality of the ships' SAR images which are in different sea states was analyzed using the Standard Chirp Scaling Algorithm (CSA). At last, we propose a new SAR imaging method which is based on Deconvolutive Short-Time Fourier Transform （ DSTFT ） Spectrogram. Through simulation, the validity of the proposed method to improve the quality of SAR imaging was verified.
INTRODUCTION
Getting high-resolution images of ship targets on the sea and recognizing them based on these images have great value in both military and civilian fields. Synthetic aperture radar can obtain high-resolution images of ship targets in long range and all weather conditions, which has obvious advantages compared with other imaging tools [1] . Due to the effect of the waves, the moving ship which is on the sea has complex motion form. Therefore, the SAR imaging gets difficult because that it is hard to estimate the motion law of the ship's scattering point in three-dimensional space.
When ships move heavily, traditional SAR imaging methods which require correction and compensation may make the images get blurry. However, using time-frequency analysis can improve the image quality in this condition [2] . Both range and azimuth range signal of the SAR echo can be approximated as LFM signal that is a typical non-stationary signal, and time-frequency analysis is a powerful tool for analyzing non-stationary signals. The common used timefrequency distributions include Short-Time Fourier Transform (STFT), Winger-ville distribution (WVD), etc. Whereas, there are some disadvantages in both of them. STFT can't simultaneously obtain both high time resolution and frequency resolution. And, WVD has cross-term.
To begin with, this paper builds the ship motion model in rough seas using the strip theory [3] . In addition, it analyzes the quality of ships' SAR images by the standard CSA in different sea states. At last, this paper proposes a new SAR imaging method that is based on DSTFT spectrogram. DSTFT spectrogram has a better time-frequency resolution and crossterm suppression performance compared with some traditional methods. Through simulation, the method's validity in improving the quality of SAR imaging is demonstrated II. SHIP MOVING MODEL When ships move on the sea there exist multiple degree of freedom's complex motion owing to the influence of ship' propulsion and control, wind and waves. Random waves acting on the hull of the ship lead to the disturbing forces and disturbance torques, then the six-degree-of-freedom motion model of the ship can be obtained with the forces and torques as the input parameters of ship's motion equation [4] . As is shown in Fig. 1 , the complex motion of the ship can be described by six degrees of freedom. Surge, sway and heave are the translational motion along the three axes respectively and roll, yaw and pitch are the rotational motion with the three axes as rotational shafts. The motions of the six degrees are interrelated, however within linear theory, using the ship symmetry and considering that the surge motion and the power-drive translational motion can be dealt with together, the ship motion equation of six degrees can be divided into two sets of coupling equations as follows [5] : 
2) Sway-Roll-Yaw Motions 
where y and z are the sway and heave displacement, ( 2, 3, 4, 5, 6) i  is the exciting forces. The wave is considered as an ergodicity stationary random process, and the ship can be regarded as a linear time-invariant system in certain sea condition, speed, and course. So, the wave height, the disturbing forces and disturbance torques of the ship can be generated using the theory of random signal analysis. At first, when the white gauss noise as the input, the output of the linear system is the simulation wave with encounter wave spectrum () S  [4] . Then, the wave height drives the linear transfer functions () j G  to obtain the final disturbing forces and disturbance torques of each degree of freedom. In this paper, the wave spectrum is chosen as PiersonMoscowitz spectrum [6] . In summary, the process of ship motion modeling can be described as Fig. 2 . SAR imaging is based on range-Doppler principle, in general, the target is assumed stationary. But, the ship target in rough seas has complex motion, as stated in above. Thus, the SAR imaging needs compensation. In this paper the SAR images is compensated by DSTFT spectrogram method.
DSTFT spectrogram method gets the time-frequency distribution of the echo and then merges the time-frequency analysis results of each range bin together to obtain the target's instantaneous image. The process of DSTFT spectrogram method is shown in Fig. 3 .
IV. DECONVOLUTIVE SHORT-TIME FOURIER TRANSFORM SPECTROGRAM
The STFT of the signal () st is defined as 
In order to obtain a good resolution in both the time and frequency domains at a same time, WVD has been widely used, and its definition is 
In contrast to the linear representation of STFT, the WVD is quadratic. Deconvolution has been widely used in image restoration technology, There are a lot of algorithms available, such as Lucy-Richardson (L-R)algorithm ， maximum entropy (ME) algorithm and Gerchberg-Saxton (G-S) algorithm , etc. In this paper, we adopt L-R algorithm [8, 9] in the deconvolution process for (10) and the iterative calculation process can be described as [10] ˆ( )
Where k is the current iteration number, * is the correlation operator, and the iterative initial value is set as ˆ ( 0) ss P  W . In general, the deconvolutive process will converge to a desired result within ten iterations.
V. SIMULATION RESULTS
This paper adopts the particulars of the DD963 destroyer provided by MIT and works out the simulation result of the destroyer's heave, pitch, sway, roll, and yaw motions with the ship motion model as described above. The simulation results of sea state 5 are shown in Fig. 4-8 . Where, the conditions of heave-pitch motions are fellows: significant wave height is 10ft (3.05m), ship speed is 21ft/s (6.40m/s), angle between heading and wind direction is 0 ; the conditions of sway-roll-yaw motions are fellows: significant wave height is 10ft (3.05m), ship speed is 15.5ft/s (4.72m/s), angle between heading and wind direction is 45 .
Then, this paper analyzes the influence of the complex motion of ship on SAR imaging using the ship motion model of DD693. It is assumed that the ship is composed of ideal scattering points which is depicted in Fig. 9 LFM signal is chosen as the emission signal, and the standard CSA algorithm is used in imaging. The specific parameters of the radar are listed in Table 1 Comparing Fig.10 with Fig.11 , It can be concluded that the quality of the SAR imaging will become worse in higher sea scale because that the amplitude of the non-cooperation movement get bigger when the sea scale get higher.
In order to get a distinct image, we apply DSTFT spectrogram method to processing the SAR echo of the ship target in sea state 5. The result is given in Fig. 12, which shows that the quality of the image enhances evidently.
VI. CONCLUSION
The ship has complex motion form in rough seas and it can be considered as periodical rocking and oscillatory motion though modeling analysis. The non-cooperation motion cannot avoid making the conventional SAR imaging method have performance degradation. The non-cooperation movement has impact on the quality of the SAR imaging result. This paper has proposed the DSTFT spectrogram method for SAR imaging. And simulation results have shown the effectiveness of this method.
